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Svely cSrS ^S^^J^ M "P*™ *T * ^ spontaneously attaching to ne 

gauvely charged cell membranes, and may comprise a neutral or positively charged bioactive substance first encaosuiated in or 
complexed wrth negatively charged Upid vesicles which are next complied with cationic lipid SdeS 
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INTRACELLULAR DELIVERY OF BIOLOGICALLY ACTIVE SUBSTANCES 
BY MEANS OF SELF-ASSEMBLING LIPID COMPLEXES 
Background of the Invention 
5 The present invention relates to methods that are used 

to enhance delivery of 'biologically and pharmacologically 
active agents , particularly polynucleotides , proteins , 
peptides , and drug molecules, by facilitating transmembrane 
transport or by encouraging adhesion to biological surfaces. 
10 It relates particularly to self-assembling systems, 
comprising lipids having cat ionic charged regions, that 
facilitate intracellular delivery of these bioactive agents. 

Not all bioactive agents need to enter cells to exert 
their biological effect. Some are able to act on cell 
15 surfaces through cell surface receptors, while the effect of 
others is mediated through an interaction with extracellular 
components. However, many valuable therapeutic agents that 
are most effective in influencing cell function at the 
subcellular or molecular level, comprising natural 
20 biological molecules and their analogues, or foreign 
substances such as drugs, are preferably incorporated 
within the cell in order to produce their effect. In many 
cases, the cell membrane provides a selective barrier which 
is impermeable to many of these agents. 
25 The complex composition of the cell membrane comprises 

phospholipids, glycolipids, and cholesterol, as well as 
intrinsic and extrinsic proteins, and its functions are 
further influenced by cytoplasmic components, comprising 
small ions and subcellular structures. Interactions among 
30 these elements and their response to external signals make 
up transport processes responsible for membrane selectivity 
of various cells. Successful intracellular delivery of 
agents not naturally taken up by cells has been achieved by 
exploiting the natural process of membrane fusion or by 
35 exploiting the cell's natural transport mechanisms which 
include endocytosis and pinocytosis (Duzgunes, N. , 
Subcellular Biochemistry 11: 195-286 (1985)). 
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The intracellular delivery of bioactiv. agents is 
essential for .any useful applications. The delivery of 
polypeptides, for example, could be useful in therapies to 
correct genetic defect,, for i^uniz.tion. or in the 
treatment of various other disorders. Intracellular 
, d ! h 1Ver * « "«>e«cial or interesting protein, can be 
achieved by introducing eipr^ible DHA and nRNA into the 
cells of a Basaai, a useful technique teaed transfection. 
Ceue sequences introduced in this way can produce the 
corresponding protein coded for by the by ualng 

endogenous protein synthetic enry.es. Therapeutic peptide! 
that could be introduced in this way include lysines. 
»u=h as interl.ukin-2, tu»or necrosis factor, the 
interferons, growth faotors , such as nerve f 

epider»al growth factor, and human growth homone, tlssue 
P^nxnogen activator, factor vnx:c, erythropoietin, 
insulin calcitonin, and a^ylin. ln addition, Mj or 
therapeutic benefit, could be obtained by „«. of 
intracellular delivery o, toxic peptides sui .s ricin^ 
diphtheria toxin, or cobra venom factor „ ord „ £ 

celTT t '" ° r Mli9nMt «»"•• Transection of 
*" B Carrl * d 004 by Varlous -thods, comprising 
calcxu- phosphate precipitation, or DEAE d«ct™ or 

res\ C ri r c?° r '? i0n « - 

restrictive in some way and none is highly efficient 

d a ,.„ E " Ort "- t0 deVelOP "° t " Mtisf '"to** ~thodologi M for 
delivering functional polynucleotides into living c. u 

have continued steadily over the years. A Mj or adv»c! 
was the development of cationic lipid technology, ba.«, on 
a discov^y that a positively charged synthetic cationic 
lipid, H-tl-(2,3-diol.yioxy)propyl]-j, » h- 
tri M t„yl. am o»iu» chloride (DOTHa) , in the fo»' of 
wi^T' T wontaneously 
TiPidZ: , " nS9 " iVely Ch "*« a ' « to for. 

c,».tT « ».t positive charge and 

capable of fusing with the negatively charged cell 
..eabranes of tissue culture cells, to achieve both upt^e 
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and expression of the DNA (Feigner, P.L. et al. Proc T 



Natl. 



Acad. Scj fl FPft 84:7413-7417 (l 98 7) and U.S. Patent No. 
4,897,355 to Eppstein, D. et al.). The Lipofectin" reagent 
(Bethesda Research Laboratories, Gaithersburg, Maryland), 
5 an effective commercial cationic lipid reagent for the 
delivery of highly anionic polynucleotides into living 
tissue culture cells, comprises positively charged DOTHA 
liposomes. 

Since the introduction of DOTMA, other cationic lipid 
10 agents have been developed for use in transfecting cells, a 
DOTMA analogue , l , 2-bis (oleoyloxy) -3- (trimethylammonio) - 
propane (DOTAP) has been successfully used in combination 
with a phospholipid to form DNA-complexing vesicles 
(Stamatatos, L. et al., Biochemist iry 27(11) :3917- 
15 3925(1988). Also a co-pending U.S. Patent Application 
Catjonjc Lipids for Intrncel Inlay n elivarv n f Biologic*) ] y 
Active Molecule , filed April 19th, 1990 by Feigner et al., 
discloses cationic lipids which are more effective and less 
toxic than presently known cationic lipids for 
20 transfection. Cationic lipid methodology is presently 
preferred over other methods; it is more convenient and 
efficient than calcium phosphate, DEAE dextran or 
electroporation methods. However, it can only be applied 
to polyanionic molecules, such as DNA. Unfortunately, not 
25 all bioactive substances of interest are as negatively 
charged as polynucleotides; therefore, the extension of 
cationic lipid methodology to the delivery of other 
molecules, for example, many proteins, is not feasible. 

Transport of proteins is among the most selective and 
30 specific of transmembrane processes. such processes 
involve protein-protein recognition (signal sequences), 
frequently require ATP, or are enzymatically driven. 
Viruses have proteins capable of accessing these processes 
successfully, thus allowing viral infections of cells to 
occur. The viral method of intracellular penetration has 
been exploited to develop a methodology which uses viral 
"chimerasomes" or proteoliposomes for intracellular protein 
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delivery. viral chiaerasomes are lioid v*^, 

molecules intone * , P vesicle s containing 

15 ch^erosoae reagent is . ^ » «• 

TJ^T^ t0 ^ ^ lipids^ 

complex. This complex is «,,„ . *° s "i«ly charged 
charge lipo„ OME * , " ***** with negatively 

to the negatively charged outer layer ttJL* attaChed 
reagent. The overall L»« t * 6 ^P 11 ^ 

integral Uganda. The defect of *h. ^ ° £ 

of the chimerosoa. ..tho^ * *™' «»* 

S and its requirement for spec7«c bindinT 

.• epecxxic Dxnding reagents; further 

its application, like th*+- *«*«ier f 

—log, is U^V£Z?Z£XJ?Z 
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polynucleotides and negatively charged proteins. 

It would be desirable to have an intracellular 
delivery system having the advantages of the above 
described cationic lipid and chimerosome methodologies but 
without their inherent limitations. 

It is therefore an object of the invention to provide 
a methodology for the intracellular delivery of a wide 
variety of bioactive agents., particularly proteins, 
regardless of net charge. 

The intracellular delivery systems disclosed herein 
exploit self-assembling processes found in natural systems 
to join together molecular subcomplexes through physical 
mechanisms of ionic attraction and repulsion and 
hydrophobic-hydrophilic interactions. The most pertinent 
15 example of such systems in nature is the simple assemblies 
of lipids and proteins to form cell membranes. The 
physical forces holding such structures together are 
relatively weak and non-specific, and this, among other 
factors, allows the assembly to proceed spontaneously and 
20 rapidly. 

An advantage of self-assembling systems that imitate 
these natural systems is that the energy conserving nature 
of their assembly and disassembly eliminates the necessity 
of chemically bonding the subunits together or providing 
25 means to degrade them to the active units in vivo. The 
property of self-assembly therefore enables a convenient 
and practical manufacturing procedure. 

It is also an object of the invention to provide a 
generally applicable intracellular delivery system which is 
self-assembling, eliminating the need for synthesis 
procedures . 

It is further an object of the invention to provide 
reliable and efficient reagents for an intracellular 
delivery system which are commercially feasible, that is, 
relatively easy and inexpensive to manufacture and having 
an extended shelf life. 



35 
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gfief Description ^ t fr rmr1nr| 

of o r, e . f0ll ° Win9 ShW "» intracellular delivery 

LtTd T tiSSUB 06115 in — to tZ 

methods ox the invention. Each figure consists of a p^r 

of photomicrographs produced by (a) phase contrast ^ " 

fluorescence microscopy. C ' 

Figure i shows intracytoplasmic delivery of 
fluoresceinated dextran (MW 4000) , into NIH-3T3 cells 

Figure 2 shows intracytoplasmic delivery of 
fluoresceinated dextran (MW 4000) into HEIA cells 

Flgure 3 ^ows the intracellular delivery of 
Rhodamine-PE into NIH-3T3 cells "very of 

into LS" deUVery ° f 

Sfflffiary Of the. Tm>..<-<„ n 
The invention provides . ae thod for «*ing . v^^ 
for administering a hioactive substance to a £l 

lipid vesicle which vesica, comprise .t least on! 

combining this first lipid vesicle w<i->, . 
vesica casing at least JTZLFZ. piTa^ 
e net positive charge. whereby to . ritlt n^.^^ 

Uoifv 8 ."T ^ ^ " lMSt ~ P-itiveay char^ 
in the vesicle by containment i„ «,« .^^J core ° 

a lipophilic or aaphipathic region, it »av h. 

in another «»b=«„„t, there i, provide . Mtbod for 
maKing a vehicle for administers , Motive substance to 
• cell, comprising the steps of forcing a first complex 
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comprising a positively charged macromolecule and at least 
one lipid vesicle, wherein the lipid vesicle comprise a 
negatively charged lipid and has a net negative charge; and 
contacting the first complex with lipid vesicles comprising 
5 at least one cationic lipid and having a net positive 
charge to form a second complex. 

According to another aspect of the invention, there is 
-provided a method for administering a bioactive substance 
to a cell, comprising the steps of providing the substance 
10 in a negatively charged lipid vesicle; and administering 
the negatively charged lipid vesicle to a cell together 
with a lipid vesicle comprising at least one cationic lipid 
and having a net positive charge. 

In another embodiment there is provided a method for 
15 administering a bioactive substance to a cell, comprising 
the steps of preparing a complex comprising said bioactive 
substance and a negatively charged lipid vesicle; and 
administering the complex to a cell together with a lipid 
vesicle comprising at least one cationic lipid and having a 
20 net positive charge. The methods of administering 

bioactive substances to a cell can be applied in vivo as 
well as In vitro. 

The invention also provides a composition of matter, 
comprising a bioactive substance contained in a negatively 

25 charged lipid vesicle and lipid vesicles, comprising at 
least one cationic lipid species and having a net positive 
charge, at least partially covering the negatively charged 
lipid vesicle. In preferred embodiments, the composition 
has a net positive charge. The bioactive substance of the 

30 composition can be a biological macromolecule, such as, for 
example, a polynucleotide, a protein or polypeptide. 
The bioactive substance may also be a drug, and the drug 
may be a small organic molecule. According to one 
preferred embodiment, a bioactive substance is encapsulated 

35 within a negatively charged lipid vesicle. The bioactive 
substance may also be lipophilic or comprise a lipophilic 
region, and is thereby incorporated among the lipids of the 
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lipid vesicle. 



The invention also provides , kit, comprising 
materials, supplies, reagents< ^ instructions "or 
prepay self-assembiing lipid comply t „ ^ 
of a bioactive substance to a cell, , ither in Wt „ 

comprising at least one vessel containing at least 
one negatively charged amphipathic l lpid ^ ^ 

least on. positively charge* Spathic lipid ^Tes 

Z tUTt r * — - ^LtiJg b^ f er 

solution and an instruction leaflet. 

suitJle »L.° f , thS TOth ° dS " ^closed 
suitable positively charged lipid species can be known or 

tz T im t: iipids - such - <« ™« -^= r ^ 

liDidt, d „ StrUCtUrS ° f ° f «- cationic 
lipids described herein. 

Petai^d PPsrrint^ ~ f ^ TH Trntf II 

The present invention provides vehicles e «n^ a 
self-assembiing i iDld eMwll ve *>-«les, comprising 

9 J-ipxd complexes, capable of deiiv«r.<«« 

:=c:.-r r-i-ns - 

tne methods presented Hr>** . , y 

fiwencea, lipid vesicles, comprisina 

species having either a „.g. tiv . er po.i ti Tch^. te 
coined with the substance to be delivered in a 7r°perly 
ordered sequence, forming ..lf-a.se.blin,, ItouMT 
containing the substance to be delivered ft TV 
positively charged outer lipid layer ^ « 

TO. invention, lik. cationic lipid technology t*™. 
^vantage of the natural fusion properties of a ^s'it^y 
charged lipid to promote oass-m. posaxivelv 
associated with that ^i»i«f of Active substances 

«n u P aCr ° SS the natively charged 

cell membrane. However fh» ... ^ ea 

nowever, the invention provides a 

charged lipids to for. primary complexes having . Z 
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~~ ' ~ ' a 



negative charge. This primary complex promotes 
subsequent secondary complex formation with the liposomes 
comprising the cationic lipids that facilitate membrane 
transport. in this way the invention extends cationic 
lipid methodology to all bioactive agents intended for 
intracellular delivery, regardless of size or net charge. 
It also provides an intracellular delivery process that is 
quite non-specific and is therefore broadly applicable -to 
all cell types, in cases where these substances, as such, 
are not able to penetrate the cell membrane, including 
those of cells that do not contain specific ligand or 
antibody receptors. 

Lipid Veh icles for Intracellular Delivery 

Vehicles for intracellular delivery according to the 
15 invention comprise a primary negatively charged lipid 
complex in association with the bioactive substance to be 
delivered and a secondary complex, having a net positive 
charge and comprising the primary negative complex in 
association with positively charged liposomes. The 
invention provides two general strategies for assembling 
the primary negatively charged lipid complex comprising the 
bioactive substance. According to a preferred strategy, 
the bioactive substance to be delivered is entrapped within 
a lipid vesicle or liposome comprising negatively charged 
lipids and having a net negative charge. The entrapment can 
occur, according to one embodiment of the invention, as an 
incorporation of a lipophilic bioactive substance, or such 
a substance having a lipophilic region, into the wall of 
the lipid vesicle. According to another embodiment, the 
entrapment can occur as an encapsulation of hydrophilic 
bioactive substance into the aqueous core of the lipid 
vesicle. For both lipophilic and hydrophilic substances, 
the uptake into the negatively charged liposome occurs 
during the process of liposome formation, typically the 
35 hydration of a lipid film, disclosed herein, and 
illustrated by examples. Examples 3, 5, and 6 disclose the 
encapsulation of substances within negatively charged 
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iZZZl' T * incorporation 

lipid derivative into the liposome wall. 

According to another strategy, the bioactive substance 
is contacted with negative^ charged liposomes. aT £ e 
liposomes then at least partially enclose the substan« to 

ZZL ' lipid , complex 

. Preferred embodiment, the bioactive 

;~ Ce h " • ~» POrtti^ charge and interacts vith £ 
negative liposomes by means of char,, attracti.!? 
alternatively, the bioactive substance cl ^ 

^ I el it Char9 * d b " ~» Prl " ^ tha" 

SZan H , " S0Ciatl0n " lth **• "P— of the complex 
trough hydrophobic or lipophilic interactions. my" 
another embodiment, the bioactive substance can emprise 
amphipathlc peptic, helices, for example of the 
disclosed by segrist. V.S. Patent No. «, 6 „ 988 " 

"^uLTntir::: ye=ioie — z 

-£Te£ ar.Tr^T - 

liposomes^To^r^T* 8 ' °" "~ ti " 1 * *«~ 
other bioact™ Z.Z^ZZ^ « 
incorporated, as disclosed ab"e. -~«t- or 

The second element of the intracellular delivery 

positive char-no ~ p ana having a net 

Uisin,^ ^jzzrzz r^zrrz 

negatively charged lipid complex, the pcsitivlly cnarl 
liposomes spontaneously form co.pl.xL TlTt 
positive surface charge. ™»ing a net 

In all the embodiments described above, the positiv.lv 
charged cofflplexeS( ^ ^ ^ 

"t:;;ct v aL=r;rri y e to 6611 — - 

y Wltft the plasma membrane aeemwii.. ^ 
conventional cationic linid „ , BnDrane » according to 

. , ar . v , «onxc lipid methodology. Delivery of the 

bxoactive cargo into the cell cytoplasm can occur £ varioi 
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mechanisms. For example, the lipids of the complex may 
either directly fuse with the plasma membrane and discharge 
the entrapped substance intracellular^ ; alternatively, it 
may be phagocytized and interact with other internal 
membranes or the membranes of the phagocytic compartment 
itself. 

All of these assemblies, comprising the encapsulation 
or incorporation of substances within lipid vesicles, the 
association of substances with positively or negatively 
charged lipids or vesicles thereof, the association of 
positively and negatively charged lipids and vesicles 
thereof, and even the attachment of the vesicles to the 
target cell surface and fusion directly with cell 
membranes, occur spontaneously as the result of repulsions 
15 and attractions of ionic charges and hydrophobic-hydrophilic 
interactions. 

Therefore, the negative and positively charged lipid 
complexes form almost instantaneously, and accordingly the 
primary negatively charged complexes can be contacted with 
20 the positively charged liposomal preparation and target 
cells simultaneously. Alternatively, the primary negative 
complexes and positively charged liposomes may be mixed to 
form secondary complexes before contact with the target 
cells. For in vivo applications, prior complex formation 
25 is preferred, while for in vitro applications, the 
positively charged empty liposomes are conveniently added 
to a cell culture at the same time as the negatively 
charged liposome-bioactive agent complexes , thus avoiding a 
separate mixing step. 
30 Liposome Formulating 

The lipid reagents of the invention may comprise lipid 
mixtures similar to that of the physiological cell 
membrane, comprising phospholipids as primary components. 
The lipid reagents can further comprise any of the 
35 conventional synthetic or natural liposome materials, 
including phospholipids from natural plant or animal 
sources such as phosphatidylcholine, 
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Phosphatidylethanolaaine, sphingomyelin 
Phosphatidyl.erine, or pho.phoino.itol . S y» tneti c 

lialted to, ainyri.toylphosph.tidyloholin. 

! I T PhOSPhatldylCh ° llne ' "^^phosphatidylcholine 

r yn t h T t Mr ° ylPh0SPhltidylCh0line « *- 
h v Pl-o.ph.tuyi.n.n.i.au,, „ 

Phosphatadylgiycerols. other .dditiv.s .uch a. 

10 ^fT' glyC ° Upids ' acid,, sphingoids, or 

10 ^angliosides can also be used, as is conventional^ taown 

for the preparation of liposomes. 

The positively and negatively charged lipid vesicles 

-ed „ the methods of the invention are typically prepare 

« -gatively charged lipids, neutral liplda Ma 

or a similar sterol. Neutral lipid, can be 
Phosphatidylcholine, phosphatidyl .thiamine. 
Phospholxpxd analog,, or mixtures of these, as veil „ 
monoglycerides, diglycerides and triglycerides. 

are T "''"^ "PM reagents of the invention 

are those comprising at least one lipid specie, having a 

the/ f" 9 ' " Physiolo « i « l PH or combination, or 

these. suitable lipid species comprise phosphatidyl 
glycerol and phosphatide acid or a similar PhospLu^d 

xnven^on are those comprising at least one cationic u£ 

as T 2 -bi? ( ol T COnPriSe ta0Mn «««»ic lipids, such 
30 or » ' 2 <°Wcxy> -3- (trlM th y l am ,onio) propane (00TAP) 

ammonti"' "; 1 - di » 1,t ^)-»^-W-»- «. M-trisubstituted 
surfactants, such a. Do™, or complex cationic 
lipids havxng similar structures and properties or mixtures 

Preferred-cat-lonic lipid, a*, those 

35 U l \ CO - PMdin ' °- S - «WU-*i- entitled 

^-^^s filed iril i^, 7=90^ KelgT Tt i ^ 
which i. hereby incorporated by reference. »«. cationic 
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lipids have the general formula 
H 2 c - Y 1 - R 1 

H C - Y 2 - R 2 

? 3 (I) 
(CH 2 ) n - - R 4 JT 

10 A 5 - O - R 6 - R 7 

wherein 

Y 1 and Y 2 are the sane or different and are -0-CH 2 -,- 
O-C(O)-, or -0-; 

15 K 1 and R 2 are the sane or different and are H, or Ci 

to C23 alkyl or alkenyl; 

R 3 and R 4 are the sane or different and are to C24 
alkyl, or H; 

R 5 is C x to C 2 4 alkyl straight chain or branched chain; 
20 R 6 is -C(0)-(CH 2 ) m -NH-, a dianinocarboxylic acid which is 
alkyl, aryl, or aralkyl, or -C(O) -(CH 2 ) m -NH- linked to said 
diaminocarboxylic acid, or is absent; 

R 7 is H, spermine, spermidine, a histone, or a protein with 
DNA-binding specificity, or wherein the amines of the R 7 

25 moiety are quateraized with R 3 , R 4 , or R 5 groups; or 

R 7 is an L- or D-alpha amino acids having a positively 
charged group on the side chain/ said amino acids 
comprising arginine, histidine, lysine or ornithine or 
derivatives thereof, or the same amino acids wherein the 

30 amine of the R 7 moiety is quaternized with R 3 , R 4 or R 5 
groups; or 

R is a polypeptide selected from the group consisting of 
L- or D-alpha amino acids , wherein at least one of the 
amino acids residues comprises arginine, histidine, lysine, 

35 ornithine, or derivatives thereof; 
n is 1 to 8; 
m is 1 to 18; and 
X is a non-toxic anion. 

These compounds have been found to be highly effective 

40 for use in lipid formulations for transfection and other 
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intracellular delivery procedures. Particularly preferred 
for in vivo transfection or other cell delivery are the 
diester or ether/ester species of these compounds which are 

cTL ? .!° re eaSUy netaboli2ed «»» Previously known 
cationic ixpxds while nonetheless retaining a high level of 
^ansfective activity. In particularly preferred 
embodiments, therefore, the positively charged liposomes of 
the invention comprise the cationic lipids l,2^iioleoyl-3- 
dimethylammopropyl^-hydroxyethylammonium or 1-o-oleyl- 
2.oleoyl-3-di»ethylaminopropyl- / r-hydroxyethylammonium. 

For the same reason of metabolizability, ester or 
ester derivatives of the known cationic lipids having a 
formula as set forth below are also preferred 
H 2 C - yl - R l 

He - Y 2 - R 2 
R3 

| (ID 
H 2 C - - R4 x _ 

R5 



or an optical isomer thereof, wherein 

Yl and Y 2 are different and are either -0-CH2-, -o-CfOl- 
or OH; ' vw; ' 

iniiviiMly — * « •» =1 to c 23 alxyl or 

f ' "L"* * 5 "* *** —* " and are H, c, to 

c 14 .i*yi. c, to Cll .ryi or alkaryl . or at x . Mt tv l 

*■ R ' and are talten together to for» quinuclidino, 
pipendxno, pyrrolidine, or morpholino; 
n is 1 to 22; and 
35 X is a non-toxic anion. 

Non-toxic anions described herein tay b. those of 
Phar.ac.utic.lly non-toxic acids including inorganic acids 
and organic acids. such acids include hydrochloric 
40 hydropic, sulfuric, phosphoric, acetic, b«zoic, IS 
glutamic, lactic ,cid and the lix.. Por the preparation of 
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pharmaceutical ly acceptable salts, see S. M. Berge et al., 
Journal of Phar maceutical Sciences . 66:1-19(1977) which is 
incorporated herein by reference* 

In a lipid formulation for preparing positively 
5 charged lipid vesicles, the cationic lipid can be present 
at a concentration of between about 0.1 mole% and 100 
mole%, preferably 5 to 95 mole%, and most preferably 
between 20 and BO anole%* In a formulation for preparing 
negatively charged lipid vesicles , the negatively charged 

10 lipid can be present at a concentration between about 0.1 
and 100 mole%, preferably 1 to 90 mole%, and most 
preferably 3 to 50 mole%. 

In order to produce lipid vesicles having a net 
charge, the quantity of the positively or negatively 

15 charged component must exceed that of the alternatively 
charged component. The alternatively charged lipid can be 
present at between about 0 to 49 mole% and preferably 0 to 
40 mole%. 

The neutral lipid can be present in positively or 

20 negatively charged lipid vesicles in a concentration of 
between about 0 and 99.9 mole %, preferably 5 to 95 mole%, 
and most preferably 20 to 80 mole%. Cholesterol or a 
similar sterol can be present at 0 to 80 mole %, and 
preferably 0 to 50 mole%. 

25 The lipid reagents may be prepared and stored as empty 

liposomes in aqueous solution, or may be stored as dried 
lipid, for example as a lipid film, after formulation to be 
later used as encapsulating reagents for selected bioactive 
substances . 

30 Liposome Formation 

It should be understood that the lipid formulations 
of the invention, comprising at least one amphipathic 
lipid, such as a phospholipid, spontaneously assemble to 
form primary liposomes, heterogeneous in size and 

35 structure, in aqueous solution. Therefore the term lipid 
reagent, lipid vesicles, and liposomes are used 
interchangeably in describing formulations. 
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The lipid reagents, either negatively or positively 
charged, are prepared as liposomes or lipid vesicles, 
according to Example l. The component lipids are dissolved 
in a solvent such as chloroform and the mixture evaporated 
to dryness as a film on the inner surface of a glass 
vessel. On suspension in an agueous solvent, the 
amphipathic lipid molecules assemble themselves into 
primary liposomes. if other molecules are present in the 
agueous solvent, such as, for example, a Dloactive 
substance, these will be captured within the liposomes, as 
demonstrated in Examples 3 and 5. Alternatively, some 
lipophilic bioactive substances intended for entrapment can 
be dissolved or suspended in the organic solvent that is 
used to dissolve the lipids of the liposome formulation. 
After evaporation of the lipid film and hydration to form 
primary liposomes, the substances thus dissolved are 
typically incorporated into the bilayer of those liposomes, 
rather than being encapsulated into the aqueous interior. 
Otherwise, if there is no solute in the hydration buffer, 
empty liposomes will be formed, as demonstrated in Examples 
1 and 2. 

To prepare liposomes suitable for physiological in 
vivo use, having a unilamellar structure and a uniform size 
of from about 50 to about 200 „m in diameter, the primary 
liposomes are preferably processed by the freeze-thaw and 
extrusion processes, as provided by Example 2. These 
primary liposomes are reduced to a selected mean diameter 
by means of the freeze-thaw procedure referred to above. 
The cationic lipids of the invention are formed into 
vesicles of uniform size prior to transfection procedures 
according to methods for vesicle production published in 
the literature and known to those in the art, for example, 
the sonication of spontaneously formed liposomes comprised 
of the lipids in agueous solution described by Feigner, 
P.L. et al., Proc. Natl Acad. , , m 84:7413-7417 

(1987) or the reverse-phase evaporation procedure of J. 
Wilschut et al. Biochemistry 19:6011-6021(1980) or freeze- 
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thaw and extrusion (Mayer, L. et al., Biochim . Bioph y? f 
£cta 858:161-168 (1986). 

Suitable conventional methods of preparation include, 
but are not limited to, those disclosed by Bangham, A. et 
5 al., J. Mol. Biol. 23: 238-252 (1965); Olson, F. et al., 
Biochim. Biophvs. Acta 557: 9-23 (1979), Szoka F. et al., 
Proc. Natl. Acad. Sci, USA 75: 4194*4198 (1978), May hew, E. 
et al. Biochim. Biophvs. Acta 775s J.69-175 (1984) f Xim # S- 
et al. Biochim. Biophvs. Acta* 728:339-348), and Mayer, L. 
10 et al., Biochim. Biophvs. Acta 858:161-168 (1986). 

According to a preferred method, the negative and 
positive lipid reagents of the invention, comprising at 
least one amphipathic lipid species, such as a 
phospholipid, are prepared using the freeze-thaw-extrusion 
15 procedure indicated in Examples 1 and 2. The component 
lipids are dissolved in a solvent such as chloroform and 
the mixture evaporated to dryness as a film on the inner 
surface of a glass vessel. On suspension in an aqueous 
solvent, the amphipathic lipid molecules assemble 
20 themselves into primary liposomes. If other molecules are 
present in the aqueous solvent, such as, for example, a 
bioactive substance, these will be captured within the* 
liposomes, as indicated in Examples 3, 4, 5 and 6. 
Otherwise, empty liposomes will be formed, as in Example 1. 
25 These primary liposomes are reduced to a selected mean 
diameter by means of the freeze-thaw procedure described in 
Example 2. 

The bioactive cargo of the lipid delivery system, 
according to the primary strategy of the Invention, is 

30 entrapped into negatively charged liposomes* The lipid 
derivatives of agents disclosed above, for example, the 
lipid derivatives of antiviral nucleosides such as 
phosphatidylazidr .hymidine or (3 '-azido-3 '-deoxy) thymidine- 
5'-diphospho-3-diacylglycerol, can be entrapped by direct 

35 incorporation into the wall of the lipid vesicle during the 
hydration of a lipid film comprising these lipid 
derivatives in the liposome formulation. Other agents can 
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be encapsulated within the aqueous space of the n„ 
Encapsulation ?r n ~^ rr 

, . , ' ° f the la -Pid components comprising 

.-.rr .'• - - tsv: 

other li Dld " 9Uant " y ° f that i» •*>«> to the 

r 11 Pia components at this t-i-m* mi . 
evaporated a „n * ^ solvent is 

i 5 «rT Vessel cont «ining the residual n«<„ 

15 film is evacuated overni«h<- * resiaual lipid 

• w -a ov ernight to remove solvent traces. 

mm r G sr^T£ is next — - - — ii Pid 

is added to u T 68, If Ration buffer alone 

liposomes wUl form T , h ^ C ° np ° nents 1—. empty 
20 a lipj hydration buffer alone is added to 

lipid film comprising i ipid derivatives of m !!, 
agent, the prima™ n «"va*ives of bioactive 

* , wie primary liposomes will comprise thai- . *. 
incorporated into the vesicle walls tThTT * 9 
having a bioactive dissolved tT / hv *r*tion buffer 

til* comprising onlv T D ZL t0 * Upid 

25 form win comprise that ?' ♦ UP ° 80neS 

wuiupxrise that agent trapped in *h« 

aqueous compart-ent of the Uposo.es ^.r^T 
processes, result!™ < , ^""ones. Permutations of the 

» ^...trr.."^™ — - - - — . - 

The hydration solution can be anv hi«-, < 
compatible buffer a «i„«-< * bi °l°9ically 

* ou " er solution comprising isotonic 

Phosphate buffered saline or i«w < • ° r 
comprising 5% sorfci ^^ ^ 

« well *nown to those sLla Z """" ™ 

of the bioactive substance in th^ T' , conc *ntration 
intended for intrHei? , " * y dration buf f « which is 

intracellular delivery can vary widely 
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depending on the substance or the application; this 
concentration can be between 1 picogram/ml and 500 mg/ml. 
Following hydration of the lipid film, the resulting 
liposome suspension can be further emulsified by any one of 
5 a number of procedures; for example, the sample can be 
forced through Nuclepore" membranes to produce vesicles of 
a size comparable to the pore size of the membranes. 
Encapsulations are described in Examples 3, 4, and € for 
the encapsulation of FITC dextran, 6-carboxy- fluorescein, 
10 and phalladion in the negatively charges lipid formulation 
of 4.9/2.1/3 DOPC/DOPG/cholesterol, followed by freeze- 
thaw and extrusion to achieve a uniform sized liposomal 
preparation. Any of the substance remaining unencapsulated 
can be removed, if desired, by a process such as gel 
15 filtration chromatography. 

The procedure for delivering materials into cells 
according to the method of the invention comprises a 
strategy of presenting the material to the cell in 
association with positively and negatively charged lipid 
20 vesicles, described as follows, and illustrated by the 
accompanying Examples. 

Substance^ 7 Pfl * Ver ^ ° f LiposmBe Asso r ted BipmrtHy 

In a preferred embodiment of the method of the 
25 invention, following the entrapment of a bioactive 
substance into negatively charged liposomes, or association 
of the substance with empty negatively charged liposomes, 
the resulting liposomes or complexes are added directly to 
cells, for example in an in vitro application, in a 
30 suitable biologically compatible medium, together with 
positively charged lipid vesicles. The concentration of 
lipid with which the cells are contacted varies widely 
depending on the application, but is between 1 paolar and 
50 mmolar and preferably from 10 pmolar to 10 mmolar. The 
35 positively charged lipid vesicles attach spontaneously to 
the target cell surface, fuse with the cellular membranes 
and deliver the contents of the liposome into the cell 
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cytoplasm. 

negatively chared encapsulated into 

. — ly y t^-j^TL** 

v.siele7 T „ 9Ua " tlty ° f P° s "iv.xy charge „ pid 
vesicles. Ira.diat.ly upon atxing ^ - * P 

containing the oppositely charged lipid 
10 spontaneously „ . . P ,Mlel «. complex^ 

charge vesicles """^ "* 9atlV - ly 

the HlZlZ °* P ° BitiV,ly *«'- — to 

sufficient to 9 ne9StlVely v M icl„ ttouad be 

charoe with ^ »»pxexes with a net positive 

*' e » wim the number of no«u<»» c 

«« positively charged 1 "pos™, ^ ZZTJZT** 
of neoativo excess over the number 

»» u^r^^r ;:; tri a butea by ^ 

events i. „ot"'lw f ^ "^to « charged 

.ttach„.„t to th. targer"ii t \r r :;r 9 VT:i' Bt 

xntracellular delivery a cco ^ i BUrf a<=e to achieve 

*^ r r:y - '- - u r™*™°Tr y ?l^ n n , 

.0 -^^TnUlLS: 9n T PSUlatl °" "* **»cell„l. r 
^.guently P r rul t ° i ^r 1 " 10 
^nucleotide _i Blna un^atT^!: v.^ * 
*he present invention also conte.pi.tes Z ^J" 
c 0 »pi. x „ eoilprisi positiv.ly cs^ UPOS °" e 

* «»vi»g a net overall native charge^oTL fT"* ^ 
<."v.ry of negative:, charged ^c^ucUotidL 9l i. UlM 
complexes are prepay follows! P lvnucl « ot "«- tte« 
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Polynucleotides in solution are mixed with a 
sufficient quantity of positively charr.ad liposomes so as 
to form a complex which reduces the anionic characteristics 
of the polynucleotide by a sufficient amount as described 
5 below. Negatively charged elements in a polynucleotide 
solution can be readily quantified using the extinction 
coefficient for the nucleotide monomer which bears one 
negative charge per monomer. The concentration of 
polynucleotide in solution can be from about 0.01 nq/ml to 
10 50 mg/ml, preferably from 1 jig/ml to 10 mg/ntl and most 
preferably from 10 jrg/ml to l mg/ml. The concentration of 
positively charged lipid vesicles can range from between 
0.1 /xg/ml to 100 mg/ml, preferably from 1 /xg/ml to 100 
mg/ml, and most preferably from 10 Mg/ml to 50 mg/ml. The 
15 solutions may be mixed together from those having a low 
ionic strength buffer, that is having an ionic strength 
less than that of 25 mM sodium chloride. Sorbitol, sucrose 
or glucose can be used to render a low ionic strength 
buffer isotonic. Adsorption of the polyanionic 
polynucleotides to the cationic vesicles reduces the 
negative charge character of the polynucleotides. In 
theory, the quantity of charges contributed by the vesicles 
should exceed the number of negative charges contributed by 
the polynucleotide, although this condition may not be an 
25 absolute requirement for every application. The ratio of 
positive to negative charges in the polynucleotide/cationic 
lipid complexes may be from about 100:1 to 0.1:1 and 
preferably 20:1 to 0.2:1. 

These positively charged complexes can further 
30 spontaneously associate with an excess of negatively 
charged vesicles so as to produce a negatively charged 
complex containing positively charged lipids and the 
polynucleotide. By following a protocol of this type, the 
entire polynucleotide can be incorporated by self-assembly 
35 into a lipid complex that can accomplish intracellular 
delivery without a loss in efficiency caused by incomplete 
nucleotide encapsulation. in theory, the quantity of 
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negatively charged liposomes added should exceed «, . 
Positive charge contributed by the comp l ex ^1^1 

t:tj i z? r lynucieotiae ' ^ - 

level of negatively charged element, may not „. Maui „„ 
* *or every application. Accordingly, the ratio « £££ 
to negative charges i„ the polynucleotide/ctiolic "mid 
complexes may be loo-i tr. „ , , _. / "anionic lipid 

0.2il. 1:1 " nd * ore P"«erably 20 :1 to 

10 contain ne9 " iVel1 ' ch «9ed complexes produced above 
contamxhg polynucleotide and positively charged iZZ 
«e analogous to the primary negatively l^d n ^ 

be delivered ,„ vivo or Jn ^ 

» :^iX s . siBUar to ~ — - — .TC 

oomprLV sucTsive £r- - "t^r ,M * 4 ~" 

Uposomes can be manu.actur^ lL Z T SLT^ 
»ol.cul. or composition to be deTiveL t a ^n" 

sTu'ctureV' "V 1 " " ^ - -nstruoln o f ^h 

structured complexes would be 

difficult. otherwise be extremely 

In the Examples that follow, intracellular delivery of 

These substances include: ^corporation, 
(l) Fluoresceinated dextran which i. available 1, 

>0 Delivery o t ^trT "* Utral ~ "»■«"'• 

spectrophotometer. The di.^K aeter »*ned by a 

determined by ^rZJZ^^ T^T^ 
fluorescence around the cell * f"f H 

» cell-associated vesicles, bright s£ts " 0> L L ^ 
to indicate lysosomal uptake; an! d^T^ Cl * US 
-orescenc. to indicate J^T^ £££ 
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delivery is considered the most effective. 

(2) Fluoresce ina ted phalloidin. This 7-amino acid 
cyclic peptide binds specifically to intracellular actin. 
Functional delivery of this substance is indicated by the 

5 filamentous intracellular staining pattern characteristic 
of actin filaments seen on examination of the cells by 
fluorescence microscopy . 

(3) Anti -actin antibody. This antibody will -to 
actin when delivered intracellularly. Treated cells were 

10 fixed, permeabilized and counter-stained with a fluorescent 
antibody against the anti-act in antibody. As in the case 
of fluoresceinated phalloidin, effective delivery is 
indicated by the characteristic actin pattern seen on 
fluorescence microscopy. Cell viability for all 

15 experiments was determined by trypan blue staining. 

The results indicate that a variety of biologically 
significant materials can be delivered by this procedure. 
Utility 

The self-assembling delivery systems of the invention 

20 can be advantageously formed using any cationic lipid, 
whether those previously known, for example, DOTMA or 
DOTAP, or novel cationic lipids, such as those described 
above and also disclosed in co-pending U.S. Application of 
Feigner et al. f filed April 19, 1990, to deliver substances 

25 intracellularly either in vitro or in vivo. Those cationic 
lipids described above having metabolizable ester bonds are 
preferred for in vivo use. in vitro applications include 
the intracellular delivery to any cell grown in culture, 
comprising cells of any species, whether plant or animal, 

30 vertebrate or invertebrate, and of any tissue or type. 

Contemplated uses comprise transfection procedures 
corresponding to those presently known. Accordingly, the 
strategies of the invention can be used to facilitate the 
intracellular delivery of DNA or mRNA sequences coding for 

35 therapeutically active polypeptides, as described in detail 
in U.S. Patent Applications Serial Nos. 326,305 and 467,881 
which are hereby incorporated by reference. The self- 
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are 



assembling delivery methods described herein however, are 
particularly preferred for the delivery of the expressed 
gen. product or protein itself. Thus self -assembling 

s ^seZV* Pr ° teinS provide «* 

S disease by supplying deficient or absent gene products to 

treat any genetic disease in which the defective gen. or 
its product has ieen identified, such as Duchenne's 
dystrophy (Kunkel, L. and Hoffman, E. Brit. «.h " > . „ 
45,3): 630-643 (1989, or cystic f ifa ros i a (<^>odf ellov^ p. 
10 EeJaiES, 341(6238) =102-3 (Sept. 14, 1989). 

The self-assembling delivery systems described above 
can also provide immunizing polypeptides to the cell either 
by delivering a polynucleotide coding for the immunogen, or 
the im»unog.n itself. other therapeutically important 

-itable for self-assembUng deliv^y 
comprise anti-sense polynucleotide sequences, useful in 
eliminating or reducing the production of a gene product, 
as described bv Ts'o p »i , 

570:220-241 ^ W »^ ^1 

" Also within the scope of the invention is the 

ZZZZ' ^ " MnS ° f the " ,e, * 0,is dis <=l«»«i. riborymes, or 
catalytic RNA species, either o, the -hairpin, type as 

25 ! „ '' " ^ " hM, »"* M <« n *yP» described by 

a«6). Baas - »• Annual P,y B1nrnm S5!599 . wi) 

Particularly preferred within the contemplate uses of 
the invention are deliveries of either an anti-sense 

30 a. its target the resits 1, the HIV genome (S£i£D£i£i ! 
ft^san, October, 198 e, pp. 56 - 57) . Matsukura, M. et .1 
froc, HBtl ^ ^ 86:4244-4248 ,1989, d. S =rib. , 

""»« Phosphorothioat, compound anti-BIV (anti-rev 

transactivator) specific for the site. 

*S The transfection procedures described above may be 

applied by direct injection of self-assembled lipid 
complexes, comprising dha, rma or protein, into cell, of an 
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animal in vivo. However, these methods are particularly 
effective at facilitating in vitro transfection of cells. 
Therefore the above therapies can be alternatively carried 
out by in vitro transfection of some of the cells of an 
5 animal using self -assembling delivery methods, and re- 
introduction of the cells into the animal. wia .ability to 
transfect cells at high efficiency with self-assembling 
delivery thus provides an alternate aethod for 
immunization. The gene for an antigen is introduced into 
10 cells which have been removed from an animal by self- 
assembling delivery methods. The transfected cells, now 
expressing the antigen, are reinjected into the animal 
where the immune system can now respond to the (now) 
endogenous antigen. The process can possibly be enhanced 
15 by co- injection of either an adjuvant or lymphokines to 
further stimulate the lymphoid cells. 

The compositions and methods of the present invention 
can be most advantageously used in the periodic supplying 
of endogenous or exogenous macromolecules, particularly 
20 proteins, to a cell. They are therefore particularly 
suitable for use in transient therapies which requires 
treatment with proteins, particularly in cells unable to 
carry out translation of messenger RNA. 

Examples of such transient therapeutic uses of self- 
25 assembling delivery methods herein disclosed include the 
liposomal delivery of nucleotide analogues having an 
antiviral effect, such as dideoxynucleosides, 
didehydronucleosides, nucleoside analogues having halogen 
substituted and azido-substituted ribose moieties, such as 
30 3'-azido-3'deoxythymidine (AZT) , or nucleoside analogues 
such as acyclovir or gancyclovir (DHPG) . Lipid derivatives 
of antiviral nucleosides are presented in U.S. Patent 
Applications Serial Nos. 216,412; 319,485; and 373,088 
which are hereby incorporated by reference. These lipid 
35 derivatives are conveniently incorporated into the vesicle 
walls of the primary negatively charged liposomes according 
to the primary strategy of the invention. 
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peptx.es such as ricin , toxin , „ ^ ^ 

factor capable of .^tin, diseased « cells 

intr.cilT , Vlthi " *"* ICOP * ° f "» Mention is the 

topical applxcation of the lipid collies disclosed 
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Pbosphstidylglycerol derivatives as disclosed i"^' 

falmtat. ? h " lf - iSSe " bled ""very .yst™ is to 

" bought. ?tr.tT tratl ° n " ^ —* 

wurougn tne stratum corneum of the dermis. 

bio^xv. 1 ""^":' e °" Prisi "S "P«-«c.psul.ted 

Macules are encapsulated in a negatively charged linid 
reagent and added to a washed cell culture "togetT „^ 1 

LZZ :rre-— ica^^t 

coated with *.k« i < ^ reagent and then 

coatea with the liposomes of the positively eh*«,^ 

before administration. M ^ <*arged lipid 

5 EXAMPI* l: Positively charged Liposome Preparation 

MOM ! iPi ^l USed: '''-^^^^^J-'-Ctrimethylammonio, 
Propane, DOTAP; dioleoyl phosphatidylethanolamine, dope 

* ,Mtity ° f 5 °* ^TAP was combined with s mg 
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DOPE in l ml chloroform, dried in a Rotovap and the flask 
evacuated overnight on a vacuum pump. The lipids were then 
suspended in 0.5 ml double deionized water, and sonicated 
in a bath sonicator for 30 minutes at 15 • or until the 
suspension was clear. A clear solution is indicative of 
liposome formation. (When the lipid concentration is 
greater than 80 mg/ml the solution does not clear.) 



EXAMPLE 2: Empty Negatively Charged Liposomes 

Lipids used: dioleoylphosphatidylcholine, DOPC; 
dioleoylphosphatidylglycerol, DOPG; cholesterol 

15 Quantities of 4.67 mg DOPC, 4.06 mg DOPG and 2.9 mg 

cholesterol comprising 25 uMoles of total lipid, in a molar 
ratio of 4.9/2.1/3, DOPC/DOPG/cholesterol , were combined in 
1 ml of chloroform. The mixture was dried on a Rotavap 
apparatus and the flask evacuated overnight on a vacuum 

20 pump. 

The lipid film was suspended at 20 "C for 1 hour using 
a rotary shaker with l ml tris buffer (20 mM pH 7.5) and 
the suspension adjusted to 290 mOsm by adding crystalline 
NaCl. The sample was frozen in a dry ice/isopropanol bath 

25 and thawed in a 30 *c bath. The sample was then extruded 
under 200-750 psi using two stacked 0.2 micron 
polycarbonate filter membranes (Nuclepore -1 ) in a 10 ml 
volume "Extruder" (Lipex Biomembranes Inc., Vancouver, 
Canada). The freeze/thaw and extrusion was repeated two 

30 more times. The final product was extruded two more times. 



EXAMPLE 3: Encapsulation of FITC Dextran in Negatively 
Charged Liposomes 



A guantity of 200 mg FITC Dextran (Sigma Chemical Co.) 
was dissolved in 1.5 ml 20 mM Tris buffer (pH 7.5) and the 
solution adjusted to 290 mOsm with NaCl. a lipid film, 
comprising 25 uMoles of total lipid, in a molar ratio of 
40 4.9/2.1/3, DOPC/dopg/ Cholesterol, was prepared as in 
Example 2. The lipid film at 20 *C was suspended in 1.5 ml 
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bath and thawed 7f a 30" b ,T * ** 
PSI through stac ^r o 2 ' " ,a " 20 °- 750 

5 -cranes ,Nucle P o re "* n a 10 , r ° n P ° lyCirbo) » te 

•xtrusioTwa, r ^a^T er ' C " lda) - *• f ««-/thav and 

www more times. The sample was *mr*n^ 
Sephadex G-75 column equilibrated with IT * 
10 buffer (adjusted to ?*T « 6 20 1811 teis 

vcxujus^ea to 290 raOsm with n>nt . ^. 

volume, which • 1} ■ nd the v ©id 

aextran, ^ItT^™ ^ "~ -TO 

2£Sl^ Labeled 

A quantity of 22 mg egg phosphatidylcholine o , 
egg Phosphatidylglycerol 7 7 » ! tia y icl »oline, 9.3 ag 
20 rhoda ni „e- P hosphat^ \ Ch ° leSter ° 1 and 1 »S of 

of chloroLT t^ rr 6 We diSS ° 1Ved lnt ° 1 - 
hour using a ^ h ? 8 " 2 °' C f « 1 

buffered saline (PBs7 DH 7 T ^ ° UlbeCCO ' S 

drv } P 1116 san P le frozen in a 

dry ice/xsopropanol bath ^ *en in a 

25 sample was evtn.H^ . J C bath - The 

* was ex truded under 200-750 Dsi usi«« *. , 

micron polycarbon^ 9 ^ 8t *cked 0.1 

poxycaroonate falter membranes t*N»r«i . • 

Canada). The freeze/thaw and ^Z" I Vanoouv «- 
nore ti.es. Th. fin., _ ., extrusion was repeated two 
30 The fxn.1 product was extrude two .ore tij.es. 

™?£ly S k£3 P S££ s ° f 6 ^oxy-nuor^in in 

35 A quantity of 23.5 „ s carboxy-fiuorMdn t&nv\ 

Placed into 2.s ml of 20 w „>. ,. ""»»sc«in (6CF) was 

•PProxi.at.iy leo ul of M ." ^ ! <pR 7 -' ! «* 

.oiution wa/read^ta" to P „ ° 7 4 a^ t^T* 

with Maci. This solution contain* T* ™ "°" 

10 " nM 8 * 8 ng/nl 6 CP (23.4 mM). 
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A quantity of 9.34 mg DOPC, 8.12 mg DOPG and 5.8 mg 
cholesterol was placed into 2 ml of chloroform, comprising 
50 tin of total lipid in a ratio of 4.9/2.1/3 
DOPC/DOPG/Cholesterol. The lipid film was suspended at 
5 20 *C for 1 hour using a rotary shaker with 0.75 ml of the 
6CF solution. The sample was frozen in a dry 
ice/isopropanol bath and thawed in a 30 *C bath. The sample 
was then extruded under 2D 0-750 psi using two stacked 0.2 
micron polycarbonate filter membranes (Nuclepore) in a 10 ml 

10 volume "Extruder" (Lipex Biomembranes Inc., Vancouver, 
Canada) . The freeze/thaw and extrusion was repeated two 
more times. The final product was extruded two more times. 
The sample was frozen in a dry ice isopropanol bath and 
thawed at room temperature. It was then extruded though 0.2 

15 micron nucleopore filter membranes. The freeze/thaw and 
extrusion was repeated two more times. The final product 
was extruded two more times. The sample was applied to a 
Sephadex G-75 column equilibrated with the 20 mM tris buffer 
(adjusted to 290 mOsm with NaCl) and the void volume, 

20 containing the liposome encapsulated 6CF collected. 



25 



30 



EXAMPLE 6: Encapsulation of Phalladion in Negatively 
Charged Liposomes 



A volume of 3 ml of methanolic phalladion solution 
(3.3 nK) was dried on the Rotovap. The phalloidin peptide 
was dissolved into 0.5 ml of Tris buffer (20 mM pH 7.5) and 
adjusted to 290 mOsm) . 

A quantity of 4.67 mg DOPC, 4.06 mg DOPG and 2.9 mg 
cholesterol was taken up into l ml of chloroform. This 
results in 25 uMoles of total lipid, in a molar ratio of 
4.9/2.1/1/3, DOPC/DOPG/Cholesterol. The lipid film was 
suspended at 20* C for 1 hour using a rotary shaker with 
35 1.5 ml of the phalladion solution. The sample was frozen 
in a dry ice/isopropanol bath and thawed in a 30 'C water 
bath. The sample was then extruded under 200-750 psi using 
two stacked 0.2 micron polycarbonate filter membranes 
(Nuclepore*) in a io ml volume "Extruder" (Lipex 
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«^r„ s inc " vancouver ' cana4a) - — « 

MS tw ° — tine,. The dried lipid 

at rL ♦ 8 ^ ioe / is °P«P»»»l bath and thawed 

at room temp.„ ture . It Ms ^ « 

^=ro„ nucleopor. fnter ^ ^ « 

was extruded two .ore ti.es. The sample was then applied 

ZtlrTT B ' 7S C ° 1Um the „ 

buffer (adjusted to 290 mosm with Nad) and the void 

i:xt:;ed: ontalnin9 tha upm °- — — ^-i d 



collected 
15 EXAMPLE 7: Cells 



calci!» S (DUlb « TCO ' s Phosphate buffered saline without 
calc lu » or magnesium,, DMEH (Dulbecco's minimum essential 

ZZLTZT^ from IrvlM scientifio 

Tectoi-i T fr °" Glbo ° ^=»tori« (U f. 

Technologies, inc.. Grand IsUnd( „„„ Bovine calf 

"TUB was obtained from „ yc io„.. Trypsin, ^ ^ ^ 

sc^:; 2 - EDTVliter) ^ Bank ' S W 

" line T *? M11S ' * C ° ntaCt — fibroblast 

line, are from Dr. Marguerite Vogt salk r™«» .. roD i»« 
cells >n < Institute. The 

ceils are grown in monolayer in DMEM + lot calf m * 
fungibact (Irvine Scientific,. cells 
trypsini^tion with trypsin-^* s^tion " "* 

30 seeded onto 4 cm* ^ b . Tek tiesu . ^J^" "* 

^ri 1 ; ~ — «- *- — fi™ r^cfli^; 

to retain their contact inhibition. 

BEL* cells are a human carcinoma epithelial »i, ,< 
The cells are maintained in DMEM ♦ 10*^1 

trypsomzed tor transfer, cells are seeded at low all" 
fcr horoscope slides at 1000 
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EXAMPLE 8: Delivery of Detectable Substances into Cells 
Using Self -assembling Charged Lipid Complexes 

Positively charged liposomes, prepared as described in 
Example 1 were diluted with water to give a concentration 
of 1.15 ng/ul. Negatively charged liposomes, comprising 
FITC dextran, 6-carboxy fluorescein, or phalladion, 
10 encapsulated in a negatively charged lipid vesicle and 
prepared according to Examples 4, 5 and 6 respectively, 
were diluted to give a concentration of approximately 0.05 
ng/ul with Tris buffer (20 mM, pH 7.5; 290 mOsm) . 

The substances were then delivered into either HeLa or 
15 3T3 cells as follows: 

Growing media was removed from the cells which were then 
washed with phosphate buffered saline (PBS) 2 times. Opti- 
Mem non-serum media (2 ml) was then to each 4 cm 2 well. 
Quantities of 35 ul of empty positively charged lipid 
20 vesicles, prepared according to Example 1 and 80 ul of 
negatively charged lipid vesicles having the detectable 
substances indicated above encapsulated within were added 
to each of the wells containing cells. Plates were 
incubated for 2 hours at 37 "C, then washed with PBS 2 times 
25 and viewed with the epi -fluorescent microscope using the 
appropriate filters. 



RESULTS: 

30 Comparing phase contrast photomicrograph (a) with the 

corresponding fluorescence photomicrograph (b) in each 
case: 

Figure l shows intracytoplasmic delivery of 
fluoresceinated dextran (MW 4000) encapsulated into 

35 negatively charged vesicles, into NIH-3T3 cells according 
to the methods previously described, using DOTMA/DOPE 
vesicles. This dye is considered to be a mimic for a water 
soluble peptide, and its behavior would be expected to be 
indicative of peptide delivery. Figure 2 gives similar 

40 results with HELA cells. 
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fluoresced BOle ° Ular wei ' ht Present aye, 6-carboxy 

^ " lndlC " ed °" "*» «• ^ the comparison 

, r ° 9raPh illust «ted co-loc.liz.tion with 

the cytoplasm of the cells. 

Figure 5 shows the results of delivery of negatively 

MH 3T3 cells using DOTAP/DOPE. Fluorescence is confix 
to the cytoplasm i n th.s. micrographs and the pattern of 

18 of phalladion „l,i», to 

intracellular actin filaments. 

Similarly the lipophilic dye, Rhodu.in.-PE, p r .p«. a 
a. indicated in Exa m Pl . „ , lso „. £££ 

jntracellularly by this method, into HIH-3T3 cells ^g 
OOTMA/PE vesicles ( Fi aU r. „. comparison with the light 

£££££ lnaicates a - «~— £ 

SXM.Pt* 9: A Kit for Intracellular Delivery Procure. 

A kit was constructed to provide materials to 
accomplish the delivery and uptake of macromolecules 
t .sue cuitur. cells. xhe materials in the kitt^i Z 
sLt **- lipid, a buffer .oi„tio„ a 

•olution containing cationic lipid vesicle. . . . 
provided with > n a vesicle., a syringe 

L,.< r ° n Huol «P»«- »»abwn. in a filter 

housing, and an instruction leaflet. ^ llfd- ~ 

chained 35 mg of -Palaitoyl-.-ol^i-ph^^l^ 
15 »g of diol.oylphosph.tidylglyc.rol i„ , te L ^ 
til-. The buffer solution consisted of 130 *H H.C1 and ™ 
»M sodium phosphate buffer at a pB of 7 4 

The kit was used to deliver monoclonal «,tibodi„ to 
intercellular actin for transfer W'iiiiiitS^ 
according to the instructions provided, a quantity of ^ 
-acromolecul. to be delivered, in this c. 1 J of 

»i*.d w.u. ^ solution was then placed in the lipid! 
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containing vial to hydrate the lipid film and form a 
liposome suspension. The lipid suspension was then loaded 
into the barrel of the syringe provided, and the liposome 
suspension was forced out through the filter membrane to 
5 form smaller lipid vesicles of a more uniform size. Under 
these conditions approximately 10% of the initial quantity 
of macromolecule is encapsulated into the lipid vesicles. 

The cationic lipid vesicle solution provided in the 
kit consisted of 0.5 rog/ml of a DORI diether and 0.5 mg/ml 
10 dioleoylphosphatidylethanol amine. The user is instructed 
to combine 5^1 of the negatively charged liposomes with 100 
til of the DORI/DOPE solution and to add the mixture onto 
tissue culture cells (approximately 10 6 cells) growing on 
OptiMem 1 ' media without serum. The incubation of the cells 
15 then continues for 2 hours. The cells are washed, and then 
assayed for the biological endpoint, as in Example 8. 

There will be various modifications, improvements, and 
applications of the disclosed invention that will be 
apparent to those of skill in the art, and the present 
20 application is intended to cover such embodiments. 
Although the present invention has been described in the 
context of certain preferred embodiments, it is intended 
that the full scope of the disclosure be measured by 
reference to the scope of the following claims. 
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WHAT TS rj^j^r T - 

woa^ve L 1 ;:!?;:;?^ a vehicie for • 

uostance to a call, comprising the steps of 

Providing said substanca i„ . «" t ' ,„ 

vesicle «^,*^ xirst lipid 

side, said vesicle comprising at least L. 



charge; and 

10 



"pid vehicles T' " Pld ^ 

cation" up"' » a L"- 01 " 8 C °- PriSi "' " one 

"hereby said LsTupid^ i' , "* ^ 
' 4. Pld ves icles are coated with 

ieast one positively = harg . d llpld vesicle. " 

15 substance U CpM^ ^ ^<»«ive 

lipophilic or comprises l^ nnn K4i4 

4 A method for making a vehicle for adainlsterina » 
bioactive substance to a e *n , ^mistering a 

of: - Cel1 ' co »>Prising the steps 

contacting a bioactive substance with 

pxex sa ^ positively charned .. , f 

form a s^ond lipid complex. * VMiClM 

5- The method of claim 4 wherein „.<* ,.• 

positive charge P ° SltlVels ' «*ons or ta, . ^ 
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7. The method of any one of Claims 1 through 6, 
further comprising the steps of: 

(a) contacting said vehicle with negatively charged 
lipid vesicles to form a lipid complex having 

5 negatively charged regions on its outer surface; and 

(b) contacting said lipid complex with positively 
charged lipid vesicles to form a vehicle having 
positively charged regions on its outer surface. 

8. The method of Claim 7, further comprising 
10 repeating steps (a) and (b) at least once. 

9. A method for administering a bioactive substance 
to a cell, comprising the steps of: 

providing said substance in a negatively charged 
lipid vesicle; 

15 administering said negatively charged complex to 

a cell together with lipid vesicles comprising at 
least one cationic lipid, said vesicles having a net 
positive charge. 

10. A method for administering a bioactive substance 
20 to a cell, comprising the steps of: 

preparing a complex comprising said bioactive 
substance and a negatively charged lipid, said complex 
having a net negative charge; 

administering said negatively charged complex to 
25 a cel1 together with lipid vesicles comprising at 

least one cationic lipid, said vesicles having a net 
positive charge. 

11. The method of Claim 9 or 10 wherein said 
bioactive substance is administered in vivo. 

30 
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H 2 c - yi - R i 

Y 2 " R2 



t 

h6 - 



25 



30 



35 



40 



R 3 

R 5 - O - R 6 _ R 7 

wherein 

-o-cw-n^ *"* " different - «• -o-ch 2 -, 

is H, spermine, spermidine . hi.'* 
™*-bi„di^ speci« cit v " ' t0ne ' " * with 

of the R 7 „ oUt ;' / «- 9«ups wherein the 

groups; or y " '""""i'ed with R 3, 8 4, or rS 

=Uv 9 L P or 0 r ai tt rr n - — ^ 

prising arginine, histidin. T .' *" Mdno 
derivative. t„. reof „ " ldi ' M '' lyslne « ornithine or 
of the R 7 ' * e «ids wherein the 

groups., or 7 " ""f™*** With R 3, r 4 or r5 

* 7 is a polypeptide selected fro» +u 

*" « ^ niM Mia a ^*f* consisting of 
-mo acids residues comprLs a-i^i ^ ^ ° f 
ornithine, or derivatives ^ ' 
n is l to 8; 
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m is 1 to 18; and 

X is a non-toxic anion, 

providing that when n is l, 

R 5 is -CH 2 -CH 2 -, R 6 is absent, and R 7 is H, then R* and R 2 
5 are not both stearoyl. 

13. A method according to claim 12 wherein said 
cationic lipid is DL-l,2-dioleoyl-3-dimethylaminopropyl-0- 
hydroxyethylammonium and its salts. 

14. A method according to Claim 12 wherein Y 1 and Y 2 
10 are different and are either -0-CH 2 - or -O-C(O)-. 

15. A method according to Claim 14 wherein at least 
one cationic lipid is 1-O-oleyl-, 
2-oleoyl-3-dimethylaminopropyl-0-hydroxyethylammonium. 

16. A method according to any one of Claims 1 through 
15 6 , wherein said cationic lipid is 

l,2-bis(oleoyloxy) -3- (trime thy lammonio) propane (DOTAP) . 

17. A method according to any one of Claims 1 through 
6 wherein said cationic lipid is an 

N-(«, «-l-dialkoxy)-alk-l-yl-N, N r N-trisubstituted 
20 ammonium surfactant. 

18. A method according to Claims 1 through 6 wherein 
at least one cationic lipid has the structure 

H 2 C - yl - r! 



25 



i- 



Y 2 - R 2 
R3 



30 



T (XI) 
H 2 £ - A+ - R4 x- 

R5 



or an optical isomer thereof, wherein 

R 1 and R 2 are individually absent, C x to C 2 3 alkyl or 
35 alkenyl, or H; 

Y 1 and Y 2 are different and are either -0-CH2-, -O-C(O)- or 
OH; 

R 3 , R 4 and R 5 are the same or different and are H, Ci to 
c 14 al^yl, C 7 to Cn aryl or alkaryl, or at least two of 
R 3 , R 4 and R 5 are taken together to form quinuclidino, 
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Piperidino, pyrrolidine, or fflorpholino; 
« is 1 to 22; and 
X is a non-toxic anion. 

19- A composition of matter, comprising: 

least partially covering said naMtlvX * ^ 
vesicle, negatively charged lipid 

20. The composition of ciain v , 

bioactive substance is .„„ , f wherein eaid 

charged lipid vesicle enCaPSUl "« l negatively 

si's JnTm u "V" " °°" PrUin9 ' 
-gion w h ere by said Moa^e^, « £ 
—g the lipids of said negatively J£ lipid™" 

22. A exposition of matter coLw.< 
c=»Pl.x of a bioactive su^nce^ a ? 

negatively charged lipid vesicle; aT 0M 

lipid vesicles comprising at least „. 
species and having a net posiLe * ^ 

covering said negatively charged li^T „ < T ***^Y 
secondary complex. P * veslcle to form a 

23. The composition of ciai™ *o 
bioactive substance comprises positively cL, T^" 

nes a net positive charge. ""^charged regions or 

24. The composition of Claim 19 or ^ , 
composition has a net positive charge. ^ 

25. The composition of ci»4» ia 

bioactive substance is a oroLn " Wherein said 

2fi «k Protein or polypeptide. 

26. The composition of claim ,* 

bioactive substance is a M , , 0r 22 Wherein 8ai <* 

nce ls a Polynucleotide. 

27. The composition of 

35 bioactive substance is an ant ,- e 26 whe "in said 

28 Th« antisense polynucleotide. 

28. The composition Of Claim ia 

bioactive substance is a drug. " " Wherein " id 
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29. The composition of any one of Claims 19 through 
27 wherein at least one cationic lipid has the structure 

H 2 C - Y 1 - R 1 
HC - Y 2 - R 2 



R3 



10 (*H 2 ) n - 1 + - R 4 X" 



(I) 



J.- 



0 - R 6 - R^ 



wherein 

15 y1 and Y 2 are the same or different and are -0-CH 2 -,- 

0-C(0)-, or OH; 

R 1 and R 2 are the sane or different and are H, C x to c 2 3 
alkyl or alkenyl, or are absent; 

R 3 and R 4 are the same or different and are Ci to C 24 
20 alkyl, or H; 

R 5 is c 2 to c 24 alkyl straight chain or branched chain; 
R 6 is -CCOJ-tc^Jjj-NH-, a diaminocarboxylic acid which is 
alkyl, aryl, or aralkyl, or -C(O) -(CH 2 ) n -NH- linked to said 
diaminocarboxylic acid, or is absent; 
25 R is H, spermine, spermidine or a. histone or the same 
groups wherein the amine is quaternized with R 3 , R 4 , or R 5 
groups; or 

is an L- or D-alpha amino acid having a positively 

charged group on the side chain, said amino acids 
30 comprising arginine, histidine, lysine or ornithine or the 

same amino acids wherein the amine is quaternized with R 3 , 

R 4 or R 5 groups, or polypeptides comprising said L- or D- 

alpha amino acids ; 

n is l to 8; 
35 m is 1 to 18 ; and 

X is a non-toxic anion, 

providing that when n is l, 

R 5 is -CH 2 -CH 2 -, r6 is absent, and R 7 is H, then R* and R 2 
are not both stearoyl. 

40 30 • The composition of Claim 29, wherein at least 

one cationic lipid is 
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cation,; a^/TrToT T C1Si " " herein ^ 

33. The composition of ei-i- 
cationic lipid u , , " , ,° lain 29 ' «*««in ..id 
propan. (dotap, b «<«>«W»-rt i-ftri»« 1 a™ BB i 0 ,. 

H-tri^tit'ted J^S^f^™^. 

c-onio ^Lrr^ur 29 - — » - — - 

HC - Y 2 - R 2 

- i - « x- 

or an optical isomer thereof, wherein 

LZ, * inalVidua11 * Ci to c 23 .1^ or 

* « .« d i ffer e„t and a r6 either ^ (o) _ _ 
R 3 . R< and rS are tte different 

=14 alkyl, C7 to Cll ary! or allLrli "* ° l *° 
*>. R 4 and R5 are^en t^e^t *LT ^ ^ " 
Pip«idi„o. pyrrolidine, or .orpholL 
n is l to 22; and 

X is a non-toxic anion. 

ccpleL \ ot ki L aeUv P .:: Pa of in9 h Se "-"" bll "« 

cell, either i„ vi cro or " aCtiV ' ■**— to • 

or "•"">. comprising: 

* least one vessel containing at least on . 
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negatively charged lipid species; 

a quantity of a lipid substance, said substance 
comprising at least one cationic lipid species. 

37. The kit of Claim 36, further comprising at least 
one hydrating buffer solution. 

38. The kit of claim 36, further comprising a 
membrane filter device. 

39. The kit of Claim 36, wherein said cationic lipid 
species has the structure 

~H 2 C - Y 1 - R 1 
HC - Y 2 - R 2 

? 3 (I) 
(CH 2 ) n - N + - R 4 X- 

R 5 - 0 - R 6 - R 7 

wherein 

Y 1 and Y 2 are the same or different and are -0-CH 2 -,- 
O-C(O)-, or OH; 

R 1 and R 2 are the same or different and are H, C x to 
25 c 2 3 alkyl or alkenyl, or axe absent; 

R 3 and R 4 are the same or different and are to C 24 
alkyl, or H; 

R 5 is Cx to C 24 alkyl straight chain or branched chain; 
R 6 is -C(0)-(CH2)n,-NH-, a diaminocarboxylic acid which is 
alkyl, aryl, or aralkyl, or -C(0)-(CH 2 ) n -NH- linked to said 
diaminocarboxylic acid, or is absent; 

R 7 is H, spermine, spermidine or a histone or the same 
groups wherein the amine is quaternized with R 3 , R 4 , or R 5 
groups; or 

35 R 7 is an L- or D-alpha amino acids having a positively 
charged group on the side chain, said amino acids 
comprising arginine, histidine, lysine or ornithine or the 
same amino acids wherein the amine is quaternized with R 3 , 
R 4 or R 5 groups, or polypeptides comprising said L- or D- 

40 alpha amino acids; 
n is 1 to 8; 
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» is 1 to is; and 
X is a non-toxic anion, 
Providing that when nisi 
* is -CH 2 -CH 2 -, R 6 is ^ 

are not both stearoyl. is H ' R 1 and R 2 



WO 91/17424 



PCT/US91/02962 




FIG. 1(a) 



WO 91/17424 



PCT/US91/02962 



* --" :v ,3r ij! •*" **" i 



2/5 



WO 91/17424 



PCT/US91/02962 



3/5 



» * • ■ 




RG.3(a) 




FIG.3(b) 



WO 91/17424 



PCT/US91/02962 



4/5 




RG.4(a) 



FIG.4(b) 



* * WO 91/17424 PCT/US91/02962 

5/5 




FIG.5(b) 



INTERNATIONAL SEARCH REPC 




u.s. a. 



422/61; 435/240.2; 436/71; 514/2 



to »c Ertent thai »uch Documents are Included .n lh- fMds Soireh-d • 



APS. CAS 




X 
V 



JS, A, 4,897,355 (FPPSTEIV et al.) 
*n Januarv 1*90, aee *nrire document. 

JS, A, 4,4*5,054 (ME7.PT et al.) 

37 Vovember WU, -ntira document. 

riiochemistry, volume 27, Issued 1988, 
.. Stamatatos At. a!., "Interactions of 
sationic lipid vessicles with neqativelv 
charged phospholipid vesicles and biological 
nembranes", pages 3017-3925, see entire 
incuraenr. . 

Riochimica et Riophysica acta, volume 85ft. 
issued 19*6, L.D. Mayer et al., "Vesicles 
of variable siaes produced bv a rapid 
extrusion procedure", pages 161-168, see 
e»nr-i ro dooiHjent. 



- 35 



1-35 



1-35 



document winch may throw doubts an -i, 

wruch rs e.M to ostabhsh thS ^SLS£ ^ d^i. o?T»«hl f 

citation or other special reason <J, TSSw 

2^TSi.r; ,effmg 10 4,1 °** «h.u.l.on or 



inwont'on % * p,mc,pte °' uwlrtlfing tM» 

^^.^^^ ~ con.ct.rcd to 

rt^rTuVh ^?T*? *' h °' otrtrr such docu- 




26 June 1991 

Jnttrrnabonal Stf«vcmno Author it r 



Date ol Maknq off this International Search Import 

°8 SEP wo, 



S«rmatttr tf ol Authorized CM.™ 

w^CC CdU/v, 



t 1 



Intrrfvuion.il 



:ntion No. 



PCT/US91/02962 



rs f ^ r 4.7?4 r oas (ftdt rr.j r.-*v 



- m r*9r 1 3 a ft . 



^6 




iQ^Ctaim numbers . because they relate to parts of the 

ments to such an eitem that no meaningful international searcn 



application that do not comply 
can bo carried out specifically: 



with the prescribed require-' 



3.Q CUmnumbM, 



.bocausefteyarod 



I not drafted in i 



to second and tad a 



(See 



i Invention* in this UMernationei ap*****)* „ ( 



l E ^iS^^ ~ -Pon cover, all search claim, 

^*LJ As only some of the required additional search f*t»« «im*i ^ u 

«-•• o. *. irr^r:.' s asssss ,nimauon * 



I searen report covers only 



*□ No required additional search fees were timely paid by the applicant. Consequently, this international 
the invention hrst mentioned in the claims; .t is covered by claim numucrsT •"lemational 



search report is restricted to 



4 Q As all searchable claims could be searched without effort lusttfvma an nddihii N .-.i i M •> 
mwie payment ol any additional lee. i»»iwyinq on additional tnc, thu 

Remark on Protest 

□ The additional search feus were accompanied by applicant's protest. 

O No protest accompanied the payment of additional search fees. 

Form PCT.GA210 (n«p«wu sheet ft (Rev. 1 147) 



International Searching Authority did not 



Attachment 
PCT/US91/02962 
PCT/ISA/210, Section VI: 



I. Claims 1-6 are drawn to a 1st method of making a vehicle for 

«uhi?in e ?i n9 H a r, biMCtiVe ^stance to a ce?l: Class 436^ 
subclass 71 and Class 314. subclass 2. 



i^ftiJr 8 drawn to a 2nd ">*thod of administering 

^""u^la:^?^" ^ * ^cl— 4 S0 and d 

III. Claims 12-18 are drawn -to a 3rd n^thod of ^nakino a v-hi-lo 

h?™??"!!!"" J 9 ! 35 aXe drawn to a """Position containing a 

.^b"air 2 4S U 2 " nCe ^ 8 Cati ° niC llpid VeSicleJ Cla « « 35 ' 

«M«t;i!f. 3 r7 39 aZZ draWn to a kit foT self -assembling liquid 
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